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OPERATIONS  EVALUATION  GROUP 
STUDY  NO.  467 


DAMAGE  SUFFERED  BY  U3N  AND  USMC  GROUND- ATTACK 
AIRCRAFT  IN  KOREA  ( u  ) 

ABSTRACT 


This  study  describes  the  kind  of  Information  that  can 
ba  obtained  from  an  analysis  of  Aircraft  Vulnerability  Report 
Porms,  and  reports  the  results  of  a  preliminary,  small-sample 
study  that  was  made  to  determine  the  potentialities  of  a 
larger-soale  analysis.htAmong  the  oonolusions  to  Whioh  this 
preliminary  analysis  leads  are  the  following: 

(a)  Of  the  ground  fire  encountered,  jet  aircraft 
reoeive  a  greater  proportion  from  ahead  and  from 
direetly  below  than  do  conventional  aircraft  * 

Hits  are  rather  uniformly  distributed  over  both 
types  of  alroraft, 

(b)  In  terms  of  alroraft  lost  per  hit,  the  F^U  is 
twioe  as  vulnerable  as  the  797,  tdiioh  is  twloe 

as  vulnerable  as  the  AD,  Components  contributing 
to  aircraft  losses  are,  in  order  of  Importance, 
pilot,  oil  system,  fuel  system,  and  engine;  the 
high  vulnerability  of  the  74.U  oan  be  traced 
direotly  to  the  vulnerability  of  its  oil  ooolers. 

(o)  The  fact  that  vulnerability  varies  so  widely 
from  alroraft  to  aircraft  indioates  that  it .can 
be  markedly  affected  by  design,  and  that  attention 
to  the  vulnerability  of  alroraft  now  under  de¬ 
velopment  should  pay  dividends  in  the  form  of 
reduopd  loss  rates. 


mmsm1 


IMUHfiMflffiUL 


\  *iv  /  ftAvnr*  ui 

7  December  1061 


OPERATIONS  EVALUATION  GROUP 
STUDY  NO.  k&7 

DAMAGE  SUFFERED  BY  USY  AND  UBMO  GROUND-  ATTACK 
AIRCRAFT  IN  KOREA/'' u) 

I.  INTRODUCTION 


This  study  bss  two  objectives.  The  first  is  to  indi* 
oate  the  type  of  analysis  that  oould  be  made  from  an  IBM 
coding  of  the  data  given  on  Aircraft  Vulnerability  Report 
Forma,  OpNav  5480-6*  The  seeond  is  to  present  oertain  pre¬ 
liminary  conclusions,  based  on  a  limited  number  of  forms  which 
were  hand-ooded  in  the  process  of  reaohing  the  first  objective, 
regarding  the  vulnerability  of  navel  airoraft. 

The  analysis  indicates  that  the  following  types  of 
information  are  available t 


(a)  Distribution  of  hitsi 

(1 )  by  direction  relative  to  the  aircraft, 

(2)  by  location  on  the  airoraft, 

(5)  by  airoraft  component  hit  or  affeoted. 

(b)  Types  of  projectiles  encountered  and  relative 
frequency  of  eaoh  type. 

Co)  Airoraft  damages 

(1)  relative  frequency  of  various  degrees  of 
damage; 

(2)  degrees  of  damage  oaused  by  various  types  of 
projeotlle. 

Cd)  Airoraft  losses; 


frequenoy  by  type  of  kill; 
by  primary  airoraft  component  responsible; 
where  the  sample  is  large  enough,  losses  by 
primary  airoraft  component  responsible  are 
also  presented  by  type  of  airoraft. 
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(•)  Aircraft  vulnerability  tor  type  of  alroraft  (a a 
measured  by  tha  probability  that  a  bit  will  bo  a 
kill) 

Tha  raaulta  presented  bar#  ara  baaad  on  anfflolant 
data  to  ba  reasonably  reliable,  but  a  larger  aanpla  would 
permit  all  of  tha  abore  to  ba  investigated  apaolfloally  for 
aaob  type  of  alroraft  a a  wall  aa  a  eloaar  Investigation  of 
tha  affeot  of  hlta  on  rarloua  alroraft  components*  Coding  by 
IBM  would  also  permit  tha  vulnerability  data  to  ba  roister  to 
tha  information  contained  on  Air  Attaok  Forms  t  the  type  of 
mission*  tha  amount  of  antl-alroraft  present*  tha  type  of 
target*  eto* 
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II.  LIMITATIONS  AMD  INTERPRETATION  OP  THE  DATA 


This  analysis  Is  restricted  to  a  limited  number  of  Air¬ 
craft  Vulnerability  Reports  covering  roughly  one  month* s 
operations  (those  of  May  1951).  The  information  on  May  opera¬ 
tions  is  not  oomplete,  however,  since  three  squadrons  reported 
major  damage  only.  Some  data  from  August  and  September  1950 
ana  January  and  April  1951  are  also  included.  The  data  ana¬ 
lyzed  oover  the  damage  or  loss  of  137  F4TPs,  80  AD'a,  and 
30  F9F* a. 

The  accuracy  and  reliability  of  individual  reports 
vary  from  squadron  to  squadron.  Furthermore,  the  data  on 
losses  is  often  hard  to  interpret,  though  Aircraft  Crew  and 
Survival  Reports  and  the  statements  attaohed  to  them  are  of 
great  assistance  in  completing  the  picture. 

An  aircraft  loss  is  hare  considered  to  be  an  aircraft 
incapable  of  flying  more  than  one-half  hour  after  being  hit, 
or  ineapable  of  landing  safely  on  the  deok  of  a  oarrler.  Many 
aircraft  which  are  lost  suffer  multiple  damage,  and  the  primary 
cause  of  the  loss  is  then  not  easily  determined.  If  the  pilot 
is  rendered  unconsolous,  then  that  is  considered  the  primary 
cause  of  the  loss.  If  the  airoraft  is  known  to  have  received 
a  hit  which  stopped  the  engine,  the n  that  is  considered  the 
primary  cause,  even  though  the  airoraft  may  also  be  an  fire. 
However,  if  a  loss  of  oil  pressure  preceded  by  an  appreciable 
time  the  stopping  of  the  engine,  then  the  oil  system  damage  is 
considered  the  primary  oause  of  loss. 

In  reporting,  the  direction  from  which  projectiles 
strike  the  airoraft  the  olook  system  la  used  in  azimuth  and  the 
general  terms  "below",  "level",  "above",  and  "directly  below" 
are  used  In  elevation.  The  results  are,  therefore,  not  very 
precise,  especially  since  18,  3,  6  and  9  o' olook  are  strongly 
favored  in  reporting. 

It  is  here  assumed  that  in  elevation  the  plane  of 
reference  is  the  plane  of  the  wings,  although  In  many  oases 
fire  from  the  ground  is  reported  as  being  from  "below"  regard¬ 
less  of  the  attitude  of  the  aircraft.  Where  possible,  the 
path  of  the  projectile  through  the  airoraft  has  been  used  to 
change  the  reported  direction  to  a  direction  relative  to  the 
plane  of  the  wings. 
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III.  RESULTS 


1.  DISTR IBUTIOH  OP  HITS 

(1)  Dlreotlon  of  Ground  First  PIgure  1  present!  the 
distribution  or  ground  fire  by  direction  of  approsoh. 

(Figure  (la )f or  all  airoraft,  Figure  (lb) for  the  F9P  only). 
Approximately  trloe  as  many  projectiles  earns  from  the  forward 
sons  as  cone  from  any  one  of  the  others ,  Including  "directly 
below".  Eleven  percent  of  the  projectiles  come  from  an 
approximately  level  dlreotlon;  praotioaliy  all  of  the  remain¬ 
ing  hits  come  from  below  the  plane  of  the  wings.  Approxi¬ 
mately  16  percent  acme  from  dlreotly  below.  Jet  aircraft 
suffer  a  30  percent  higher  fraction  of  hits  from  the  forward 
quarter  than  do  reolprooatlng-englne  aircraft,  and  also 
suffer  an  increased  relative  amount  of  fire  from  directly 
below.  (However,  VMP-11  has  reported  that  jet  airoraft  re¬ 
ceive  only  half  as  many  hits  per  eombat  hour,  as  do  re¬ 
ciprocating-engine  aircraft.)  These  effects  could  be  the 
result  of  the  higher  attaok  speeds  used  by  jet  airoraft  or 
of  the  faot  that  jets  have  different  tupes  of  missions, 
e«g**  armed  reconnaissance* 

(2 )  Location  of  Hits  on  the  Aircrafts  Approximately 
52  peroent  of  the  hits  are  loo  a  ted  oh'  the  wings,  35  percent 
on  the  fuselage,  and  13  peroent  on  the  empennage.  A  more 
detailed  breakdown  is  shown  In  Figure  2.  It  oan  be  seen 
that  the  distribution  of  hits  corresponds  roughly  to  the 
presented  area  in  plan  of  the  wings  and  tall  surfaees,  with 
tha  fuselage  reoelvlng  a  slightly  larger  proportion  of  hits. 
The  density  of  the  ground  fire  about  the  airoraft  appears  to 
be  relatively  uniform. 
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(3)  Aircraft  Components  Hit  or  Affected!  The  distri¬ 
bution  of  hits  by  sir ora ft  component  la  shown  In  Figure  3. 

The  hits  on  ore*  stations  Include  hits  whloh  pass  close  to 
personnel,  or  ehloh  would  pass  close  to  personnel  If  not 
stopped  by  armor  plate  or  some  other  i«mn«<Hatelr  adjacent 
object.  Structural  hits  were  counted  only  aben  more  than  a 
simple  patch  oyer  a  hole  was  required  to  repair  then*  Fifty- 
four  percent  of  the  reoorded  hits  on  the  pilot's  oookpit  want 
through  the  oanopy  and  60  percent  of  the  hits  on  fuel  systems 
Involved  external  auxiliary  fuel  tanks* 
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B.  TYPE  AMD  RELATIVE  PREQDBHCY  OF  PROJECTILES  ENCOUMTKRKD 

The  relative  frequeney  of  hits  by  type  of  projectile 
la  presented  In  Figure  4.  Hits  wore  ole seif led  in  the  resort 
forma  studied  as  "fragments,"  "small  arms,"  ".SO  oallbre," 
”•60  oallbre."  "20mm,"  "40am,"  and  "unknown*"  12*5  percent 
of  the  total  nwber  of  hits  were  reported  simply  as  "smell 
arms,"  17*1  peroent  were  reported  es  "*50  oallbre,"  and  58*0 
peroent  were  reported  as  ".80  oallbre."  These  are  classed 
together  In  Figure  4  so  that  67.4  peroent  of  the  total  number 
of  hits  Is  credited  to  "small  arms”  fire* 

Vo  attempt  has  been  made  to  compare  the  scale  of  anti¬ 
aircraft  fire  present  in  the  Korean  Theater  with  other  opera - 
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(o)  Major  Component 
(4)  Looms 


i  ?  ?  i 


tiona,  so  this  distribution 
•a  to  type  of  projectile 
SiSTTIS© "considered  as  pooul- 


the  sprlnF~o?  1W1.  "IMc 
insufficient  Tata  are  con¬ 
sider  Ad  to  make  possible 
conclusive  statements  on  the 
general  trend  In  projectiles 
being  used  In  Korea,  It 
seems  that  during  this  period 
the  use  of  incendiary  ammu¬ 
nition  has  been  inoreasing 
and  that  fuses  have  progressed 
from  Instantaneous  to  a 
slight  delay  type*  Enough 
references  have  been  made  to 
explosive  " .30  calibre"  and 
"•50  calibre"  projectiles  to 
lndloate  that  these  types  are 
aotually  In  use  and,  from  the 
description  of  damage  oaused* 
they  appear  to  be  fairly 
effective* 


Of  the  reported  hits  by 
fragments,  67  peroent  were 
attributed  to  our  own  bomb  or 
rocket  bur at a j  16,5  peroent 
were  classified  as  unknown 
and  16*5  percent  as  anti¬ 
aircraft  shells* 


no*  5*  moan  or  oamaoi  si  ciubbs 


Few  quantitative  data 
on  striking  velocities  are 
available  from  action  reports* 
However,  one  case  reported  gave 

enough  information  to  allow  a  rough  cheek  on  one  of  the  curves 
In  Figure  2  of  reference  (a).  Where  that  curve  would  predict 
that  between  2  and  2*3  inohea  of  aluminum-alloy  would  be 
required  to  stop  a  " .50  oa libra  projectile,  such  a  bullet 
actually  penetrated. 2  Inches  Into  a  main-wing  spar* 


C .  AIRCRAFT  DAMAGE 


The  degree  of  damage  Inflicted  by  projectiles  whloh  hit 
the  airoraft  have  been  classified  into  four  groups  according  to 
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the  type  of  repair  required! 

(a)  patoh  only, 

(b)  replaoe  minor  component, 
to)  replaoe  major  component, 

(d)  aircraft  lost* 

The  frequanoy  with  which  the  various  types  of  damage  occurred 
In  the  data  reviewed  Is  shown  In  Figure  5  by  projectile  type, 
and  In  Figure  6  for  all  cases* 

While  the  number  of  hits  by  20mm  projectiles  Is 
relatively  small,  the  large  proportion  causing  aircraft  loss 
and  replacement  of  major  components  Is  considered  to  be 
significant*  In  the  oategory  of  replacement  of  major  com¬ 
ponents,  " .50  calibre  projectiles  show  considerably  more 
effectiveness  than  ”*50  calibre  or  fragments. 
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D.  AIRCRAFT  LOSSES 

(1)  Type  of  Kill i  Airoraft  loaaaa  bar*  been  classi¬ 
fied  la  four  groups t 

(a)  E-kills  -  laaaedlate  destruction 

(b)  A-kllla  -  not  mora  than  6  admit#  a  of  flight 

poaalble 

(e)  B-killa  -  not  nore  than  f  hour  of  flight 
poaalbla 

(d)  D-kllls  -  unable  to  land  safely  on  a 
carrier 

Figure  ?  praaanta  the  airoraft  loaaaa  by  typa  of  kill*  The 
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•  lot a i  Airoraft  loaaaa  raportad  hara  hare  no  relation  ta 

figures  glraft  La  Airoraft  Bayeulery  tapoarda  baaatura 

Of  the  definitions  employed. 
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number  of  B-ldlla  would  probably  have  been  larger  had  all 
emergenoy  landings  been  reported* 

(2)  Alroraft  Component  Responsible  for  Losst  Air¬ 
craft  losses  have  Also  been  eiaaslried  according  to  the 
primary  alroraft  eomponent  contributing  to  the  loss,  as 
shown  In  Figure  8*  The  oil  system  appears  to  o  on  tribute 
muoh  more  to  aircraft  losses  than  would  appear  from  the  date 
presented  In  Figure  S«  However,  many  of  the  hits  an  the 
engine  stopped  the  engine  only  by  affeoting  the  oil  systaei, 
so  that  the  loss  of  oil  Is  oonaidered  to  be  the  primary  oause 
of  the  alroraft  loss*  The  oil  system  and  the  pilot  appear  to 
overshadow  all  other  components  contributing  to  aircraft 
losses}  there  is  considerable  dlfferenoe,  however,  between 
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tbs  two  groups  of  losses*  la  the  esse  of  fch*  oil  system* 
the  losses  are  mostly  B-klllsj  in  the  ossa  of  the  pilot*  the 
losses  are  almost  all  E-kllls.  La  addition*  many  of  the 
oases  In  which  the  pilot  is  considered  the  primary  cause  are 
"overkilled”  —  there  would  have  been  an  airoraft  loss  even 
if  the  pilot  had  been  protected* 

(5)  Reliability .of  Data  on  Aircraft  Loaaeai  For  most 
aircraft  which  ware  aotudlir  lost,  the  primary  airoraft  oam- 
ponent  responsible  for  loss cannot  be  definitely  established* 
However*  because  of  the  definition  of  airoraft  losses  used  In 
this  study  aeny  of  the  aircraft  classified  as  lost  actually 
made  emergency  landings  in  friendly  territory*  so  the  primary 
component  reaponalble  for  loss  (as  defined  here)  was  definitely 
det  trained •  In  other  oaaea  the  reaoued  pilot  or  radio  oantaet 
after  damage  establishes  the  oomponent  reaponalble  for  loas* 

La  addition*  the  statements  usually  attaohed  to  Airoraft  and 
Craw  Survival  Reports  often  show  the  aircraft  oomponent 
probably  responsible  for  the  loss*  Only  e  few  oases  ooourred 
where  tn#  oomponent  responsible  for  loss  was  definitely  un¬ 
known*  The  proportion  of  losses  in  these  three  classifications 
•ret 

Component  reaponalble  for  loss  'definitely  known  -  82J* 
Component  reaponalble  for  loss  probably  known  -  41*5> 
Component  responsible  for  lose  definitely  unknown  -  6*0 flf 


(4)  Airoraft  Olassifloatlon  of  losaea 

by  airoraft  type  shows  large  variation  in  the  probability 
that  an  airoraft  will  be  killed  if  it  sustains  e  hit*  The 
ratios  of  airoraft  kills  to  airoraft  hit  by  type  follows 


Airoraft 
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SO 

8 

*067 

14 

QAmxMmMh 

ifllClISSlrTCT 
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kills  for  AD  and  P9P  aircraft  precludes  a  similar  analysis 
of  their  vulnerability. 

(6)  Comparison  of  the  Vulnerability  of  the  Oil  Systsaa 
of  the  Alrorart  Conaideredt  fn  the  oase  of  rSolprooatlng 
engines  complete  loss  of  oil  or  oil  pressure  very  qulokly 
results  in  engine  failure*  Although  no  hits  on  the  oil 
system  of  the  P9P  aircraft  are  recorded*  loss  of  oil  or  oil 
pressure  in  Jet  engines  does  not  appear  to  be  quite  as 
serious*  At  least  tvo  oases  have  been  reported  in  which  Jet 
engines  continued  to  run  for  considerable  periods  after  com¬ 
plete  loss  of  oil  or  oil  pressure*  The  oil  systems  of 
reolprooatlng  engines  are  affected  most  frequently  by  hits  on 
the  engine  and  hits  on  the  oil  coolers*  A  comparison  of  hits 
on  he  engine  by  aircraft  type  is  given  In  the  following  table* 


1 

P4D 

ad 

F9F 

Probability  that  the  engine  will  be 
pit  If  the  slroraft  is  hit 

*095 

.088 

•067 

Probability  that  the  oil  system  will 
pe  affected  If  the  engine  is  hit 

*38 

•  43 

i 

1 

i 

There  le  no  marked  difference  In  these  data  between  the  P4TJ 
and  the  AD  slroraft.  The  number  of  cases  reported  for  the 
PflP  Is  too  small  to  have  slgnlfioanoe*  A  comparison  of  hits 
on  the  oil  coolers  of  the  F4TT  and  the  AD  slroraft  shows  a 
very  great  difference  by  airoraft  type  s 


F4U 

AD 

rrweablllfcr  shaft  ft  km  stt  aaapwv 
be  hit  if  the  llMMfl  la  hit 

.044 

•013 

The  AD  oil  coolers  are  placed  behind  the  engine  in  the  fuse¬ 
lage  and  are  protected  by  deflector  plates*  On  the  other 
hand,  the  oil  coolers  of  the  F4TJ  are  looated  near  the  leading 
adce  of  the  wing*  Just  outboard  of  the  fuselage#  and  may  or 
may  not  be  proteotsd  by  defleotion  plates.  The  operational 
results  quoted  above  are  considered  to  be  the  direct  result 
of  this  difference  In  looatlon;  they  Illustrate  the  Importance 
of  talcing  advantage  of  existing  Isas  vital  components  for 
protection  or  providing  adequate  armor  for  vital  ocmponents* 
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1.  Aircraft  attacking  ground  targets  reoeive  ground  flra 
fro®  all  dlraotlona  below  tha  level  of  the  wings.  Approxi¬ 
mately  twice  a  a  muoh  ground  flra  la  reoelved  fro®  the  forward 
a one  aa  from  any  one  of  tha  others,  including  "directly 
below" . 

2,  Por  jet  aircraft,  tha  relative  amount  of  fire  from  both 
the  forward  quarter  and  "direotly  below"  is  approximately  SO 
peroent  greater  than  for  propeller-driven  aircraft. 

5.  Jet  sir ora ft  receive  only  50  peroent  as  many  hlta  per 
combat  hour  aa  do  props Her- driven  aircraft*  The  influence 
on  this  retie  of  the  type  of  mission  to  vhloh  jet  aircraft 
are  assigned  has  not  been  investigated* 

4.  Hits  from  ground  fire  of  the  type  encountered  in  Korea 
are  rather  uniformly  distributed  over  the  aircraft* 

5*  The  aircraft  components  which  receive  the  most  hits  arei 

(a)  crew  stations, 

(b)  engine, 

(o)  fuel  system, 

(d)  primary  structure* 

This  may  appear  to  be  at  variance  with  the  conclusions  of  4 
above}  but  hits  on  the  aircraft  structure  requiring  only  a 
simple  pat oh  are  not  included  in  (d)* 

6*  Alroraft  components  contributing  to  alroraft  losses  are 
la  order  of  importance t 

(a)  pilot, 

(b)  oil  system, 

(o)  fuel  system, 

(d)  engine* 

7.  Although  the  hydraullo,  electrical,  control,  armament,  and 
oommunleatlons  aystema  received  many  hits  and  undoubtedly 
effaoted  the  efficiency  of  the  alroraft  and  probably  ita 
ability  to  oarry  out  its  mission,  very  few  losses  oould  be 
traoed  to  theaa  component e* 
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4  I 


17 
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8*  Alroraft  losses  oould  be  signlfioantly  reduced  by  protect¬ 
ing  the  pilot  from  ground  fire* 

0.  *.50  calibre  projeotilea  are  significantly  more  damaging 

to  alroraft  structure  and  oonponenta  than  *.30  calibre  pro- 
jeotllea  or  fragments.  2 Qua  projectiles  are  significantly 
mere  damaging  to  alroraft  structure  and  components  than  ".50 
calibre  projectiles. 

10.  The  P4TT  alroraft  Is  twloa  as  vulnerable  (In  terms  of  air¬ 
craft  lost  per  hit)  as  the  POP  aircraft,  which  Is  In  turn 
twice  as  vulnerable  as  the  AS  alroraft.  A  large  portion  of 
the  vulnerability  of  the  P4U  oan  be  dlreotly  attributed  to  the 
vulnerability  of  Its  oil  ooolers. 

11,  The  great  variation  In  vulnerability  of  operational  alr¬ 
oraft  Indicates  that  vulnerability  oould  be  deoreased,  and  that 
the  application  of  passive  defensive  measures  to  the  alroraft 
now  under  development  would  ensure  minimum  losses. 

12«  Analysis  of  a  larger  sample  of  data  by  IBM  coding  would 
give  additional  and  more  reliable  Information  an  the  vulnera¬ 
bility  of  our  operational  aircraft#  Of  particular  Interest 

are  i 

(a)  The  overall  vulnerability  of  the  P9F  alroraft. 

(b)  The  vulnerability  of  the  jet  engine  of  the  P9P 
alroraft. 

(e)  A  reliable  Indication  of  tbe  components  contributing 
most  to  the  vulnerability  of  the  AS  and  the  Fff 
alroraft. 

(d)  A  reliable  Indication  of  the  ability  of  Installed 
armor  to  atop  projaotiles  enoountered  In  attaok  of 
ground  targets. 

(a)  A  comparison  of  the  piston  engine  of  the  P4U  and 
the  nose  section  of  the  P2P  as  protection  for  the 
pilot  during  ground  stteok. 

(f )  The  sffeot  on  hit  end  loss  rates  of  mission  or 
target  types. 
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It  la  recommended  that! 

(a)  A  current  analysis  of  operational  vulnerability 
data  be  Mintained  ao  that  significant  change  a  in 
enemy  weapon  a  or  taotloa  way  be  detected  and  ao 
that  operational  data  way  be  available  to  guide 
Cfron  the  standpoint  of  vulnerability)  design 
trends  in  alreraft  under  development. 

(b)  That  the  data  oontaiued  on  Alreraft  Vulnerability 
Report  Poms,  OpVav  3480*6,  be  coded  by  XEH 
methods  so  that  larger  samples  of  data  oan  be 
treated  efficiently*. 
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